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Taking a complex adaptive systems approach, this 
paper investigates the different configurations of digital 
ecodynamics – IT capabilities, dynamic capabilities, 
and environmental conditions – associated to high 
levels of business performance in manufacturing SMEs. 
Results from a fuzzy-set qualitative comparative 
analysis (fsQCA) of 126 manufacturing SMEs show 
that, as expected from our theoretical development, 
these firms attain high business performance when they 
dispose of at least one IT capability and one dynamic 
capability. More specifically, IT capabilities for 
innovation and flexibility along with dynamic 
capabilities for coordination and integration are 
necessary for high business performance since they 
appear in all high-performing configurations. Our study 
contributes to information systems research by taking a 
holistic approach to the IT capability-performance link 
in the specific context of SMEs. 
 
1. Introduction  
  
The study of the relation between information 
technology (IT) capabilities and business performance 
represents one of the core research streams of the 
information systems (IS) field. Thus, research on the 
‘IT-business value’ issue has been quite productive and 
has identified different IT capabilities, dynamic 
capabilities, and environmental conditions as factors 
influencing business performance [1, 2]. 
Notwithstanding its important contributions to our 
understanding of how IT capabilities may help firms 
attain higher levels of performance, this literature can be 
problematized to identify remaining issues worth 
addressing [3]. 
First, although the literature has identified IT 
capabilities and dynamic capabilities as facilitators of 
business performance, most studies have investigated 
each type of capability independently, as recent reviews 
critically note [1]. This ignores the potentially complex 
interplay between IT capabilities and dynamic 
capabilities in enabling business performance. Thus, 
there is a need to study IT and dynamic capabilities 
holistically [4, 5]. 
Second, most studies take a ‘variance’ approach that 
assumes ‘unifinality’, i.e. that assume there is only one 
way for business performance to occur (through each of 
the independently identified factors) [6]. However, 
assuming that an outcome results from single factors 
seems at odds with reality [7], whereas firms appear to 
achieve performance from many different starting 
positions and through many different paths (i.e., 
‘equifinality’) [8]. Thus, there are current calls for 
research to take a more complex approach capable of 
allowing for equifinality such a ‘configurational’ 
approach [1, 9].  
Third, most research dealing with IT capabilities and 
business performance has been conducted among large 
enterprises [e.g., 10]. This is worrisome for two main 
reasons. The first is that findings from large firms might 
not be generalizable to small and medium-sized 
enterprises (SMEs), as research has shown that 
organizational size influences organizational 
performance [11]. The second reason is that, SMEs are 
paramount for the economy [12]. In the European Union 
and the U.S., they represent around 99% of all firms and 
account for more than 60% of all jobs [1]. As a result, 
there are recent calls for research on IT capabilities in 
the specific context of SMEs [4, 12]. 
To address these three issues, this study seeks to 
describe and explain the way in which IT capabilities 
(i.e., IT capabilities for innovation, flexibility, and 
integration), dynamic capabilities (i.e., sensing, 
learning, coordination, and integration), and the 
manufacturing or environmental context (i.e., firm size 
and environmental uncertainty) interact to enable 
business performance. Consistent with past literature, 
we use the term digital ecodynamics to refer to the 
interplay between IT capabilities, dynamic capabilities, 
and the environmental context [5]. In addition, we study 
digital ecodynamics and business performance from a 
complex adaptive systems approach that allows for 
complexity and equifinality [13, 14]. Therefore, our 
exploratory research questions are as follows: What are 





the digital ecodynamic configurations that lead to high 
business performance in manufacturing SMEs? And 
what are the configurations that prevent these firms 
from attaining such high performance? 
 
2. A Complex Adaptive Systems Approach 
to Digital Ecodynamics 
 
From a complex adaptive systems approach, we seek 
to identify the different configurations of digital 
ecodynamic elements that attain (and do not attain) 
business performance. A configuration is a specific 
combination of causal elements or conditions (in our 
case, IT capabilities, dynamic capabilities, and the 
manufacturing context) that together generate the 
outcome of interest (in our case, business performance) 
[5, 15, 16]. The basic idea is that there should be 
different ways of configuring digital ecodynamic 
elements that equally lead to high business performance. 
This reasoning leads to a conceptual framework based 
on complex adaptive systems (Figure 1), further 
explained in the following sections [13, 17]. 
 
 
Figure 1: Configuration model of 
manufacturing IT alignment for business 
performance  
 
2.1. Digital Ecodynamics and Business 
Performance 
 
     Our objective is to identify different 
configurations of digital ecodynamics capable of 
achieving business performance. Business performance, 
our outcome of interest, refers to a firm’s growth and 
profitability relative to its competitors [18]. Thus, 
business performance includes a firm’s market share 
and sales, as well as its financial returns compared to 
those of competitors [18]. 
Digital ecodynamics refer to the complex ways in 
which dynamic capabilities, IT capabilities, and the 
manufacturing or environmental context of firms may 
interact as these conditions  affect business performance 
[4, 5]. The first condition or element of the firm’s digital 
ecodynamics is its IT capabilities. IT capabilities 
encompass both tangible and intangible elements such 
as the firm’s IT infrastructure and IT competencies [19]. 
Building upon earlier research, we define three types of 
IT capabilities: IT capabilities for innovation, IT 
capabilities for flexibility, and IT capabilities for 
integration [20, 21]. IT capabilities for innovation allow 
manufacturing firms to experiment with new ideas and 
as such, encompass technologies such as computer- 
aided design (CAD) that are employed to develop new 
products and services [21]. IT capabilities for flexibility 
allow firms to adapt their manufacturing processes and 
regroup technologies such as automatic handling or 
computer numerical control (CNC) [21]. Finally, IT 
capabilities for integration are those aimed at exploiting 
a firm’s know-how for efficiency gains, and thus include 
technologies that help with integration and 
coordination, such as ERP and CRM [21]. 
Dynamic capabilities, the second element of the 
organization’s digital ecodynamics, refer to the ability 
of firms to adapt to the business environment [1, 22, 23].  
As such, these capabilities represent evolutionary 
responses to the complex environment in which most 
manufacturing firms operate at present [22]. Dynamic 
capabilities entail sensing and learning as well as 
coordinating and integrating [24]. Sensing is the 
capability to scan the environment for opportunities and 
threats, while learning is the capability to identify, 
assimilate, and apply knowledge to develop new 
products and services [24]. Coordinating capabilities 
refer to work output synchronicity and expertise 
compatibility between group whereas integrating 
capabilities refer to the capacity to synchronize and 
adapt work processes changing situations [24].  
Finally, the manufacturing (or environmental) 
context includes elements thar are internal or external to 
the firm. The external context is characterized by 
environmental uncertainty and it includes dynamism – 
the rate and unpredictability of environmental change – 
as well as heterogeneity – the variety of the competitive 
landscape [25, 26]. Now, firm size may be considered 
as a proxy for the internal context since research has 
consistently shown that organizational size influences 
business performance [11, 27].  
 
2.2. Complex Adaptive Systems 
 
Stemming from ‘open systems’ thinking, a complex 
adaptive systems (CAS) approach entails viewing the 
components of the firm’s digital ecodynamics as 
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forming multivariate interdependency patterns [14, 17, 
28]. Such an approach implies that an outcome, such as 
business performance results from internal congruency 
of the elements forming the organizational system, that 
is, the elements of the firm’s digital ecodynamics in this 
case  (i.e., IT capabilities, dynamic capabilities, and 
manufacturing context) [14, 17, 29]. The idea is that 
these three components form a complex system or 
organized whole in which the elements are 
interdependent and interact in multiple and nonlinear 
ways in reaching an outcome [17, 28, 30]. In contrast to 
variance approaches like SEM in which the goal is to 
make predictions about the net effects of each digital 
ecodynamic component [31], the CAS approach does 
not focus on individual components. Indeed, an 
individual component might appear to behave randomly 
if examined in isolation from the other components of 
the system. As a result, the CAS approach is holistic, 
viewing the system as a whole in order to identify 
elemental patterns or configurations [13, 32]. This 
approach thus implies holistic interconnectedness and 
mutual causality among digital ecodynamic components 
[13, 17, 33]. 
In addition, CAS allow for ‘equifinality’ [14, 17], 
which means that the same outcome can be reached in 
different ways and from different starting positions [6, 
30].  Equifinality allows for different configurations of 
the elements forming the digital ecodynamics to reach 
the same level of business performance and stands in 
sharp contrast to the unifinality assumption of variance 
approaches [6, 34]. 
A related and final characteristic of CAS is ‘causal 
asymmetry’, which allows equifinal configurations to 
vary across different levels of the outcome [4, 6]. In 
other words, different equifinal configurations of digital 
ecodynamics might lead to high business performance, 
other configurations might lead to average performance, 
and yet others to low performance. Causal asymmetry 
also represents a departure from variance approaches 
that assume causal symmetry. In causal symmetry, the 
same factors are assumed to lead to the existence and the 
absence of the outcome since correlations are 
intrinsically symmetric. For instance, if one was to 
model the inverse of business performance, the result 
would be unchanged except for the signs of the 
correlation coefficients [6].  
In summary, we take a CAS approach to examine 
manufacturing SMEs’ digital ecodynamics for business 
performance by allowing interdependence, nonlinearity, 
and causal asymmetry [30, 33]. Such approach has been 
argued to better align with the complex reality of today’s 
organizations [7]. In doing so, we seek to uncover the 
different digital ecodynamic configurations of IT 
capabilities (i.e., IT capabilities for innovation, IT 
capabilities for flexibility, and IT capabilities for 
integration), dynamic capabilities (i.e., learning, 
sensing, coordinating, and integrating), and the 
manufacturing context (i.e., environmental uncertainty 
and firm size) associated to high levels of business 
performance. 
 
2.3. Digital Ecodynamic Configurations for 
High Business Performance 
 
Given the absence of empirical studies attempting to 
integrate the different components of the firm’s digital 
ecodynamics, we first provide theoretical arguments for 
certain general expectations with regard to digital 
ecodynamics configurations associated a priori to high 
business performance. More specifically, we expect that 
such configurations will show at least one type of IT 
capabilities, be it IT capabilities for innovation, IT 
capabilities for flexibility or IT capabilities for 
integration, and at least one dynamic capability, be it the 
sensing, learning, coordination or integration capability.  
The previous statement implies that at least one of 
the IT capabilities and one of the dynamic capabilities 
included herein are ‘necessary’ in a configuration 
associated to high business performance. With regards 
to IT capabilities, the IT-business value literature has 
argued that these capabilities operate in conjunction 
with other organizational and dynamic capabilities. 
Thus value is generated from the unique orchestration 
of capabilities belonging to the two realms – 
technological and organizational [1]. As a result, at least 
one of IT capabilities for innovation, flexibility or 
integration will need to be present in high-performing 
configurations.  Now, firms increase their repertoire of 
responses to fit environmental conditions by acquiring, 
developing and utilizing different types of IT 
applications, [35, 36, 37]. For example, IT capabilities 
for innovation include interactive CAD systems that, 
apart from generating designs with repetitive accuracy, 
allow for easy design modifications to satisfy 
customers’ evolving preferences [38]. Such applications 
allow for exploration [4] and thus, for quick adaptions 
to market changes [39, 40]. Likewise, IT capabilities for 
flexibility - enabled by advanced manufacturing 
technologies such as computer numerical control 
(CNC), computer aided maintenance (CAM), 
automated handling, and applications for logistics and 
optimization [41] - serve to adjust internal and external 
processes for production and distribution. For example, 
while CAM includes software systems that streamline 
planning, scheduling and maintenance so that time-out-
periods are avoided, CNC allows for the automatic 
control of manufacturing tools via computer systems 
which makes the manufacturing process more flexible, 
precise and efficient. Likewise, automated handling 
creates value for the organization via a flexible 
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management and control of inventory, while 
applications for logistics and optimizing also influence 
organizational agility by providing a better and more 
flexible management of the manufacturing operations of 
a given firm, thus supporting organizational agility [39]. 
Finally, IT for integration which encompassing 
enterprise systems (ES), such as ERP and CRM, 
improve integration and enable distributed operations 
and collaboration [42]. ES allow for three different types 
of integration that facilitate firms’ adaptability to 
environmental conditions: vertical (i.e., between 
different hierarchical levels), horizontal (i.e., between 
departments or functions within an organization), and 
technical (i.e., between different systems in order to be 
compatible with each other) [43]. Such integration 
results in a more efficient collaboration and faster 
decision-making across functional units by breaking 
traditional ‘silos’ [44]. Consistent with this idea, past 
research has shown that, large organizations that have 
implemented ERP, when faced with environmental 
changes, often look for a response among the pre-built 
business processes embedded into the ERP [45]. 
Additionally, the disposition of add-ons in such systems 
which have special functionalities enable different 
capabilities that firms may apply to search for the best 
responses to changes in their business environment [45].  
The second necessary realm for the evolutionary 
orchestration of resources are dynamic capabilities [5, 
46]. A first such capability, sensing, allows firms to scan 
the environment while a second one, learning, enables 
firms to avoid rigidities and obsolescence [47]. Now, IT 
capabilities such as IT for integration might complement 
and enhance sensing and learning capabilities. For 
example, in a typical CRM system, the system’s 
analytical component is used to analyze the data 
gathered by the operational component, also including 
web traffic analysis, sentiment analysis of social media 
postings and text analytics of customers’ reviews to 
identify demand trends [48, 49]. Thus, IT capabilities 
might enhance the extent to which firms can generate 
insights or gather further knowledge of their markets 
[50]. In addition, coordination and integration are 
dynamic capabilities that allow firms to gain returns on 
their know-how [47]. These last two capabilities, when 
coupled with IT capabilities for innovation and 
flexibility, can lead to incremental innovations in the 
form of modified products or services. Such incremental 
improvements are geared towards lowering costs and 
maximizing efficiency by exploiting existing 
knowledge [51].     In summary, we expect that any 
configuration capable of reaching high business 
                                                 
1 Sistema de Análsis de Balances Ibéricos (System of Iberian Balance 
Sheet Analysis; SABI) 
performance will contain at least one type of IT 
capabilities (i.e., IT capabilities for innovation, IT 
capabilities for flexibility, and IT capabilities for 
integration) and one dynamic capability (i.e., sensing, 
learning, coordination, and integration).  
 
3. Methodology  
 
A questionnaire-based survey methodology was 
employed to gather data on the constructs of interest 
among Spanish manufacturing SMEs. The 
questionnaire was answered by a manager who had 
sufficient knowledge of the firm's IT applications, 
manufacturing operations and business performance, 
such as the firm’s IT, operations, and finance manager. 
A total of 126 manufacturing firms completed the 
questionnaire, with a response rate of approximately 
10%. The sampled firms have been operating for an 
average of 34 years, with a minimum of 4 years and a 
maximum of 49. The SMEs composing the sample have 
between 50 and 250 employees, with an average of 100. 
They belong to various high-knowledge sectors, such as 
the manufacturing of metal products, electrical 
equipment, and machinery. 
The research constructs were measured on the basis 
of the extant literature on IT and dynamic capabilities 
and on SME management. For IT capabilities, we 
followed previous research [4, 21], and asked 
respondents whether different IT capabilities for 
innovation, for flexibility, and for integration where in 
place in their firm. For dynamic capabilities the measure 
of Pavlou and El Sawy [24] was employed with 5-point 
Likert scales. More precisely, sensing was captured with 
2 items, learning with 4, and coordination and 
integration with 3 each. Environmental uncertainty, a 
reflection of the external manufacturing context, was 
measured with seven items capturing heterogeneity and 
dynamism [25]. Firm size, an indicator of the internal 
manufacturing context, was extracted from a database 
containing information on Spanish firms, including 
those forming the sample1. Finally, we took an approach 
based on ‘subjective’ measurement often used in the 
context of SMEs [18] to assess the outcome of interest, 
namely the business performance construct. In using 
such an approach, this last research construct was 
measured by asking respondents to evaluate their firm’s 
performance through their perceptions of the firm’s 
profitability and sales growth relative to the competition 
for the last five years [18] (8 five-point scales: 1 = much 
below average, ..., 5 = much above average).2 All items 
are available upon request.  
2 Note that this last measure was found to have a level of internal 
consistency adequate for its use as the outcome variable in a fsQCA 
analysis (α = 0.92). 
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Table 1. Reliability, descriptive statistics and fuzzy set calibration of the research variables 
 
We investigated our CAS model using fuzzy set 
qualitative comparative analysis (fsQCA), a second-
generation configurational analysis technique [56]. This 
technique was initially developed to deal with small 
sample sizes, but it is also able to deal with large--sized 
samples (100 cases or more) [56, 40]. Consistent with 
configurational theory, fsQCA allows for equifinality 
[6]. In a nutshell, fsQCA is an analytical technique that 
uses Boolean algebra for determining the different 
configurations of elements that generate the same 
outcome [40, 55]. In this technique each element is 
considered a fuzzy set. Fuzzy sets have different degrees 
of membership into the set: fully in, fully out, and 
crossover [40]. Thus, following fsQCA 
recommendations [57], we used direct calibration of the 
raw data by identifying the three points of membership 
based on the scale (or index) values]. 
The configurational analysis begins with the 
creation of a truth table of 2k rows with a list of all 
possible configurations, with k representing the number 
of individual elements. The truth table is then sorted 
based on frequency and consistency. While frequency 
represents the number of observations for each possible 
configuration, consistency describes “the degree to 
which cases correspond to the set-theoretic relationships 
expressed in a solution” [6, p. 402]. For samples smaller 
than 150 cases, the recommendation is to set the 
frequency threshold at 2 [54]. As a result, the frequency 
threshold was set here at 2 and thus, all configurations 
with a smaller frequency were removed for further 
analysis. Furthermore, the recommended threshold of 
0.75 for consistency was also used [54]. For 
configurations above the consistency threshold, the 
outcome variable was set at 1 (because these 
configurations are the ones that fully explain the 
outcome) and for the rest was set at 0. The fsQCA 
software then computes three sets of solutions: complex, 
parsimonious, and intermediate. While the complex 
solution represents all possible configurations of 
conditions when traditional logical operations are 
applied, the interpretation of the resulting 
configurations is difficult and often impractical. The 
complex solution is thus further simplified into 
parsimonious and intermediate solutions. The 
parsimonious solution yields the most important 
conditions, called ‘core’ conditions or elements, which 
cannot be left out from any configuration [6]. Core 
elements are those for which the evidence for a causal 
relationship with the outcome is strong [6]. The 
intermediate solution is obtained through the 
performance of counterfactual analysis on the complex 
and parsimonious solutions. The intermediate solution 
includes the parsimonious solution and is part of the 
complex solution. As a result, the conditions that are not 
part of the parsimonious solution but are part of the 
intermediate solution are called ‘peripheral’ conditions 
or elements [6]. Peripheral elements are those for which 
the evidence indicates a weak causal relationship with 
the outcome. The recommendation is to use a 
combination of the parsimonious and intermediate 
solutions for interpreting fsQCA results [54]. More 
specifically, the researcher should identify the 
conditions of the parsimonious solution in the 
intermediate solution so that a table can be created that 
includes both core and peripheral elements [6]. This 
results in a combined solution that presents core and 
peripheral elements and helps in the interpretation of the 
resulting configurations. 
 
4.  Results  
 












fuzzy set calibrations 
fully in crossover fully out 
Environmental Uncertainty 0.84 2.6 0.7 1.0 4.7 3.0 2.6 2.1 
Organizational Size - 140 140 15 1000 145 99 74 
Sensing Capability 0.80 3.3 1.1 1.0 5.0 3.8 3.3 2.3 
Learning Capability 0.91 3.2 1.0 1.0 5.0 3.8 3.3 2.3 
Coordination Capability 0.87 3.7 0.8 1.7 5.0 4.5 3.7 3.2 
Integration Capability 0.85 3.7 0.9 1.0 5.0 3.9 3.5 2.7 
IT Capability for Innovation - 1.3 1.1 0 3 2.5 0.5 0.0 
IT Capability for Flexibility - 2.0 1.2 0 4 2.5 1.5 0.5 
IT Capability for Integration   - 3.8 0.9 1 5 4.5 3.5 2.5 
Business Performance   0.92 3.8 0.8 1.0 5.0 3.6 3.1 2.7 
a Cronbach’s alpha coefficient of reliability [inappropriate for index variables] 
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The research variables’ reliability and descriptive 
statistics are presented in Table 1. Note that IT 
capabilities for innovation, flexibility, and integration 
are ‘index’ rather than ‘scale’ measures [53]. An index 
variable tends to follow a Poisson-type rather than a 
normal distribution, that is, to be right-skewed if the 
mean is small. Moreover, an index regroups elements 
not expected to be highly intercorrelated, hence the 
inappropriateness of Cronbach’s α coefficient to test its 
reliability [54]. 
 
4.1. Necessity analysis 
 
Usually, the first step in fsQCA analysis is the study 
of necessary conditions (or elements). A condition is 
necessary when its consistency score is above 0.9 [52]. 
Consistency can be defined as extent to which members 
in a condition also show membership in the outcome 
[58]. As it is shown in Table 2, consistency scores 
indicate that no digital ecodynamic condition alone is 
necessary for the attainment of high levels of business 
performance in manufacturing SMEs. 
 
 
4.2. Sufficiency Analysis 
 
The major analytical contribution of fsQCA resides 
in its ability to evaluate relations between configurations 
(that is, combinations of conditions) and the outcome(s) 
[40, 55].  Sufficiency analysis entails such evaluation 
and it is usually the second step in fsQCA analysis [53]. 
Table 3 shows the results of the fsQCA analysis with the 
causal configurations for the presence and absence 
(indicated by ‘~’) of high business performance3. Please 
note that Table 3 uses the notation introduced by Ragin 
[54]: black circles represent the presence of a condition, 
circles with a cross-out indicate the absence of the 
condition, large circles represent core conditions, small 
circles represent peripheral ones and blank spaces 
represent an immaterial condition (or a situation 
characterized by a “do not care” in which one condition 
may be either present or absent without altering the 
outcome). 
With respect to the presence of the outcome, the 
analysis yields three equifinal digital ecodynamic 
configurations leading to high business performance. 
The raw coverage4 is between .128 and .136, the unique 
coverage5 is between .038 and .048, and the 
consistency6 values for all the configurations are above 
                                                 
3 The calibration for high business performance is as follows: 3.6 for 
full membership, 3.1 as the cross-over point, and 2.7 as the threshold 
for nonmembership. 
4 The proportion of cases (in terms of fuzzy membership value) that 
can be described by the configuration [40]. 
.81. According to Ragin [55] a consistency score below 
.75 indicates substantial inconsistency, which is not the 
case here. Finally, the overall solution consistency is 
.823 and the overall solution coverage7 is .250. 
Consistent with our expectation, each of the three digital 
ecodymamic configurations capable of attaining high 
business performance contain at least one type of IT 
capabilities and at least one of the dynamic capabilities. 
 
Table 2. Analysis of necessary elements 
 
The first configuration (HP1) is characterized by 
SMEs with smaller sizes and operating in a 
manufacturing context lacking environmental 
uncertainty, with all three types of IT capabilities, as 
well as coordinating and integration capabilities. 
Likewise, the second digital ecodynamic configuration 
(HP2) is characterized by a lack of environmental 
uncertainty, but in this configuration, all IT capabilities 
and dynamic capabilities need to be present. The third 
configuration (HP3) is formed by smaller firms facing 
uncertain environments that dispose of all dynamic 
capabilities as well as IT capabilities for innovation and 
flexibility, but that lack IT capabilities for integration. 
Finally, Table 3 also shows another three configurations 
that are equifinal in attaining low or no business 
performance (NHP1, NHP2, and NHP3), which show 
asymmetry in causality.  
Finally, it is important to note that, notwithstanding 
the prior analysis of necessary conditions, the 
coordination capability, the integration capability, and 
IT capabilities for innovation and for flexibility appear 
to be necessary conditions for high business 
performance. This is because each of these capabilities 
is  present  in all three  high-performing configurations. 
 
5 The proportion of cases (in terms of fuzzy membership value) that 
can be described by a configuration appearing in a solution set but 
cannot be described by any other configuration from the set [40]. 
6 The extent to which a given combination is a sufficient condition for 
the outcome [58]. 
7 The proportion of cases (in terms of fuzzy membership value) that 
can be described by at least one configuration in a solution set [40]. 
 
Config. element 
High Business Performance 
Consistency Coverage 
Env. Uncertainty 0.519 0.538 
Org. Size 0.518 0.538 
Sensing 0.698 0.638 
Learning 0.656 0.628 
Coordination 0.643 0.651 
Integration 0.752 0.606 
IT for Innovation 0.684 0.569 
IT for Flexibility 0.738 0.599 
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Conditions tested  
Consistency 0.840 0.856 0.811 0.748 0.787 0.927 
Raw coverage 0.128 0.136 0.067 0.167 0.136 0.132 
Unique coverage 0.038 0.047 0.041 0.117 0.077 0.088 
Overall solution consistency 0.823 0.791 
Overall solution coverage 0.215 0.346 
   Legend. :  presence of a core condition  : presence of a peripheral condition 
  :  absence of a core condition  : absence of a peripheral condition 
       blank:  immaterial condition (“don’t care”) 
Table 3. Causal configurations for the presence and absence (~) of high performance 
configurations for high business performance [55].8 
 
5. Discussion  
 
The purpose of this exploratory research was to 
identify the digital ecodynamic configurations that 
enable manufacturing SMEs to attain high business 
performance. In doing so from a CAS view, this 
study’s findings contribute to the literature by 
answering recent calls for the investigation of the 
interplay between IT capabilities and dynamic 
capabilities in relation to business performance from 
complex and configurational approaches [1, 5]. Our 
results suggest that dynamic capabilities for 
coordination and integration as well as IT capabilities 
                                                 
8 With the recommended consistency threshold of 0.90 for   identifying 
necessary conditions employed in the necessity analysis (see Table 2), 
it is possible that fsQCA fails to identify single necessary conditions, 
and thus, a false negative or type II error may occur [55]. Relaxing this 
threshold, however, can result in identifying conditions that may not 
for innovation and flexibility are necessary in this 
regard. 
In addition, since prior studies have mostly 
concentrated on intangible and abstract 
representations of IT capabilities [e.g., 56], the present 
study also contributes by answering recent calls for 
research into the identification of concrete and specific 
IT capabilities that, along with other organizational 
capabilities and dynamic capabilities, enable 
performance outcomes [1, 4]. Identifying capabilities 
that refer to specific and concrete technologies is of 
high practical relevance [1]. For instance, our results 
demonstrate that capabilities stemming from specific 
technologies (e.g., CAD/CAM, rapid prototyping, 
ERP) along with coordination and integration 
capabilities offers manufacturing SME managers 
be actually necessary, thus     producing false positives or type I errors 
[55]. As a result, a second approach that might produce fewer false 
negatives and positives is to identify single necessary conditions by 
selecting the conditions that are present in all configurations [55].  
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practical ways to emulate larger firms in meeting the 
challenges of Industry 4.0.  Contributing to practice is 
also important for the IS research field, since it is 
likely to increase its relevancy [57, 58, 59]. 
Moreover, we note at this juncture that our study 
falls within the paradigm shift in the IS field advocated 
by Merali et al. [33]. Such paradigm shift calls for 
approaching information systems as CAS grounded in 
both complexity and configurational theory, especially 
given the present dynamism and uncertainty of the 
manufacturing SMEs’ business environment [60]. 
Now, complexity theory, configurational theory, and 
its corresponding methodologies (such as fsQCA) 
have three overarching characteristics that have been 
adopted in this study: a) holistic interconnectedness 
and mutual causality among system elements, b) 
equifinality and multiple realities, and c) nonlinearities 
or causal asymmetry [60]. Thus, our study fits well 
with recent arguments for studying organizational 
performance from a holistic perspective grounded in 
complexity and configurational theory by identifying 
the technological, organizational, and environmental 
factors that enable high performance among firms 
[60]. 
Finally, as in any research endeavor, this study has 
certain limitations that warrant future research. First, 
our sample consisted mostly of manufacturing SMEs 
operating in high-knowledge and technology-oriented 
sectors (e.g., machinery and equipment 
manufacturing). As there is great heterogeneity among 
SMEs with regards to their sector of activity and the 
markets in which they operate, future research could 
focus on exploring strategic fit patterns of 
organizational and IT capabilities in industries with 
varying degrees of knowledge requirements and 
technical intensity. Furthermore, different strategic 
orientations regarding the firm’s general focus as well 
as its view of IT, could be explored along with digital 
ecodynamic concepts to provide more insight into the 
different ways in which SMEs may attain (and may not 




In summary, a CAS approach allowed us to 
identify the causal configurations that associate the 
digital ecodynamics of manufacturing SMEs to high 
levels of business performance. The results indicate 
that SMEs with IT capabilities for innovation, IT 
capabilities for flexibility along with dynamic 
capabilities for coordination and integration are able to 
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